Pesticides represent a major proportion of the chemical pollutants detected in French coastal waters and hence a significant environmental risk with regards to marine organisms. Commercially-raised bivalves are particularly exposed to pollutants, among them pesticides, as shellfish farming zones are subject to considerable pressure from agricultural activities on the mainland. The aims of this study were to determine (1) the genotoxic effects of diuron exposure on oyster genitors and (2) the possible transmission of damaged DNA to offspring and its repercussions on oyster fitness. To investigate these points, oysters were exposed to concentrations of diuron close to those detected in the Marennes-Oleron Basin (two 7-day exposure pulses at 0.4 and 0.6 μg L −1 ) during the gametogenesis period. Genomic abnormalities were characterized using two complementary approaches. The Comet assay was applied for the measurement of early and reversible primary DNA damage, whereas flow cytometry was used to assess the clastogenic and aneugenic effect of diuron exposure. Polar Organic Chemical Integrative Samplers (POCIS) were used in exposed and assay tanks to confirm the waterborne concentration of diuron reached during the experiment. The results obtained by the Comet assay clearly showed a higher level of DNA strand breaks in both the hemocytes and spermatozoa of diuron-exposed genitors. The transmission of damaged genetic material to gamete cells could be responsible for the genetic damage measured in offspring. Indeed, flow cytometry analyses showed the presence of DNA breakage and a significant decrease in DNA content in spat from diuron-exposed genitors. The transmission of DNA damage to the offspring could be involved in the negative effects observed on offspring development (decrease in hatching rate, higher level of larval abnormalities, delay in metamorphosis) and growth. In this study, the vertical transmission of DNA damage was so highlighted by subjecting oyster genitors to short exposures to diuron at medium environmental concentrations. The analysis of POCIS showed that oysters were exposed to integrated concentrations as low as 0.2 and 0.3 μg L −1 , emphasing the relevance of the results obtained and the risk associated to chemical contamination for oyster recruitment and fitness.
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transmission of DNA damage in terms of developmental abnormalities (Lewis and Galloway, 
118
In this study, oyster genitors were exposed to diuron during gametogenesis with the aim of 119 studying the parental transmission of herbicide-induced DNA damage and its potential 120 consequences on oyster physiological fitness. Diuron is the most widely-found biocide in 121 antifouling paints and one of the WFD's priority pollutants. Although it has been banned in For this purpose, the extent of genomic abnormalities was analyzed in genitors, their gametes, recognised as a high precision technique (Bihari et al., 2003) . Moreover, it has an advantage 136 over other cytological assays because a larger number of cells can be analysed rather than in 137 chromosome or micronucleus assay (Deaven, 1982; Bickham, 1990) , allowing a rapid 138 analysis of a large number of samples.
139
The presence of DNA damage in the spermatozoa of diuron-exposed genitors was also Once gonad development had begun, the oysters were divided into three experimental groups:
183 a seawater control, a solvent control and a diuron-exposed group. As diuron was prepared in 184 acetonitrile, the solvent control group was exposed to acetonitrile at a concentration of 185 0.005%.
186
Three 250-L tanks were used for each experimental group, each receiving 240 oysters. Two 7-187 day exposure periods took place at the start and mid-course of gametogenesis by exposing 188 oysters to 0.4 and 0.6 µg L -1 of diuron respectively. These short exposure pulses were chosen 189 to mimic rain events with concentrations of diuron close to those detected in coastal waters 190 (Table 1) .
191
The oysters were maintained in a closed circulation system throughout the exposure period.
192
The seawater was changed every morning and diuron and acetonitrile were added every day
193
after seawater renewal to reach target concentrations in the tanks. The temperature was kept 194 stable at 20°C and feeding was controlled as described previously. Mortality was assessed for 195 the all duration of the experiment in each experimental tank.
196
It is noteworthy that mortality was very high in some tanks (up to 40% in control tanks) by oysters were then allowed to recover for 11 days prior to the second herbicide pulse.
204
At the end of the second herbicide pulse, oysters from each group were then grown in normal
205
conditions for an additional period of three weeks in order to reach maturity and allow 206 production of the next generation (Fig. 1) . was assessed by means of microscope counts for each batch to further limit competition:
225 larval concentration was progressively reduced from 10 to 5 and 3 larvae mL -1 on day 1, 5 and 226 7 post-fertilization respectively. At the eyed larvae (pediveliger) stage, the larvae were ready 227 to settle; they were then transferred to the micronursery into 150 µm sieve-bottomed trays in a
228
FSW downweller system at 20°C, using oyster shell cultch as a settlement medium. The sea (controls and diuron-exposed) were also analysed. In order to study putative vertical effects 237 on the next generation, larvae and spat originating from each genitor group were also sampled 238 as described in Figure 1 . to obtain an integrated measurement of the concentration of diuron reached during the pulses.
251
For this purpose, one out of the three tanks used for the seawater control and diuron-exposed 252 tanks were equipped with a deployment cage. Two sampling strategies were adopted. POCIS
253
were used in duplicate during the all experiment duration, with some replacements to avoid 254 fouling onto the membranes. They were also used during the 7 day-exposure pulses to 255 measure the TWA of diuron reached in the exposed tanks during the pulse. 
304
DNA migration was performed for 15 min at 23V (390 mA, E=0.66Vcm
). At the end of 305 electrophoresis, the slides were washed by incubation for 3×5 min in Tris base 0.4 M, pH 7.5.
306
In order to obtain permanent preparations, the slides were immersed in absolute ethanol for 10 
378
Normality was checked using Lilliefor's test and variance homogeneity was evaluated using
379
Bartlett's test. In order to achieve normality, raw data from the Comet assay were 380 mathematically transformed (Ln x) before proceeding with an ANOVA, taking into account 381 both the experimental group and sampling time as factors. ANOVA was also used to handle 382 developmental abnormality data. When significant, a posteriori Tukey test was performed.
383
Data on growth, hatching rate and flow cytometry could not be normalized, statistical
384 differences between treatments were tested using the non-parametric Kruskal-wallis test. Table 3 . They showed that out of the 57 pesticides analyzed, 36% were M a n u s c r i p t 
Growth

412
At the end of the first herbicide pulse, the genitors exposed to diuron showed a significantly 413 lower wet weight than those from the control groups, with values of 3.08 ± 1.01 g for diuron-414 exposed genitors versus 3.87 ± 1.27 g and 3.89 ± 1.10 g for genitors from the seawater and pulse in the solvent control groups, when a slight increase was recorded (p=0.01) (Fig. 3) .
428
Although primary DNA lesions were induced in diuron-exposed genitors, analysis of the data 429 obtained by FCM showed no significant variations in the extent of chromosome breakage
430
(CVs) and genome size in the gills of the same individuals. (Table 5) . 
DNA damage in male gametes
434
Male gamete analysis using the Comet assay showed a significantly higher level of DNA 435 strand breakage in the spermatozoa of genitors exposed to diuron versus the controls 436 (p=0.001) (Fig. 4) was observed in offspring from diuron-exposed genitors (p<0.05). Of note, the offspring of 447 genitors exposed to acetonitrile also showed significant developmental abnormalities 448 (p<0.01). The mean percentage of larval abnormalities was 20.8 ± 9.5 %, 38.9 ± 5.6% and 449 30.2 ± 5.2% respectively in offspring from seawater control, solvent control and diuron-450 exposed genitors (Fig. 5) .
451
On the other hand, embryo-larval bioassay results revealed a significantly higher level of 452 embryo-larvae abnormalities only in larvae originating from diuron-exposed genitors (18 ± 3
453
% versus 7 ± 3 and 6 ± 2 for larvae from the seawater and solvent controls).
454
A slower growth rate was only observed in larvae from genitors exposed to diuron. In the 455 control groups, ready-to-settle pediveliger larvae were obtained after 20 days of rearing,
456
whereas 24 days were required to reach the same stage for larvae from diuron-exposed 457 genitors (Fig. 5) .
459
DNA integrity of offspring
460
The DNA integrity of spat from the various experimental groups was analysed using the (Fig.6 ).
465
Conversely, FCM analysis showed both clastogenic and aneugenic effects in the gills of spat 466 from diuron-exposed genitors: the nuclei isolated from gill tissue had significantly higher CVs %. In contrast, only 2% of spat from the control groups showed such high CVs, with a 473 maximum value of 7.08% (Fig.7) .
474
Moreover, a significant decrease (p< 10 -6 ) in nuclear DNA content was also measured in spat , the other detected herbicides (terbuthylazine, atrazine, 495 irgarol, simazine) being at concentrations lower than 2.5 ng L -1 .
496
In the present study, the use of POCIS also allowed us to show variations in water period.
514
In our study, oysters were exposed to even lower concentrations than expected. Our initial 515 target concentrations were medium environmental concentrations (Table 1) 
Genotoxicity assessment in genitors 524
Oysters used for our experiment were wild genitors and so naturally exposed to following flumequine treatment seemed to confirm this point.
538
In our study, the Comet assay revealed significant increases in DNA strand breaks in genitor respectively, highlighting the low ability of oyster to bioaccumulate diuron probably due to 556 metabolic activities.
557
Although diuron-induced primary DNA lesions were observed in genitor hemocytes, no 558 evidence of clastogenic or aneugenic effects was observed in gill cells using flow cytometry. 
588
In parallel to primary DNA alterations, a significantly lower growth (wet weight) was versus direct sampling from the nursery tanks, probably due to differences in test conditions.
627
In the nursery tanks, the embryotoxic effect observed in the solvent control group was not 
647
These results underline the good complementarity of the genotoxic approaches adopted in the 648 present study. A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 37 
